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摘 要 
生物质资源具有储量大、种类丰富、分布广泛等特点，是当今热门的可再生
资源之一，其应用途径日益多样化。生物柴油作为生物质资源衍生的液体燃料，
拥有与石化柴油类似的物化性质，是一种有望弥补石化燃油短缺的高端能源产品，
因而近年来受到了研究者的极大关注。 
传统生物柴油是以动植物油脂、地沟油、微藻油脂等为原料经酯交换反应制
备得到，成分主要为脂肪酸甲酯，其含氧量高、热值较低、易氧化变质、对设备
具有一定腐蚀性等缺点严重阻碍了生物柴油的发展。因此，人们将脂肪酸酯类油
脂经过催化加氢脱氧提质转化为新型烃类燃油，其主要成分为碳链长度为 18 至
22 个碳原子的混合脂肪烃类。烃类燃油的高热值、黏度低等优良的理化性质与
石化柴油几乎一致，因此更适合作为石化柴油的替代品，具有极大的应用前景。
然而，现有的油脂加氢脱氧工艺普遍存在着效率较低，耗氢量大的问题，因此该
工艺非常值得进一步研究。 
生物质资源种类众多，微藻作为一种不与粮争地、光合作用效率高、油脂绝
对含量较高的生物质，是提炼生物油脂的理想原料。因此，本文采用小球藻作为
研究对象，系统考察了光照强度、营养条件等培养参数对小球藻油脂积累的影响，
确定了最优的培养条件。然后，针对提取的小球藻油脂及相应脂肪酸类模型化合
物，进一步研究了其经加氢脱羰反应转化为烃类燃油的过程。 
首先，将小球藻在低光照和高光照条件下于富氮富磷（NPM），富氮（NM），
富磷（PM），对照（CM）培养基中培育，考察各培养条件对小球藻油脂积累的
影响。结果表明，高光照条件有利于促进小球藻的油脂积累，而过量的氮、磷明
显限制了小球藻油脂的积累。具体地，在 320 mol/m2s 的高光照强度下，CM 培
养基中生长的小球藻具有最高的油脂积累量，其藻体中油脂含量为 30 wt%，总
脂肪酸含量可达 10 wt%。 
然后，通过浸渍法制备了氢交换超稳分子筛负载的镍基复合催化剂Ni/HUSY，
并用于油脂加氢脱羰反应。为简化反应体系，首先以小球藻油脂中的模型化合物
棕榈酸为原料，在 Ni/HUSY 催化下经加氢脱羰反应制备相应烃类，全面研究了
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反应溶剂、催化剂、反应温度，反应时间，气氛压力等对烷烃生成的影响。发现
在 325 ºC，4 MPa H2 气氛下，反应 5 h 后棕榈酸转化率为 100%，烷烃总得率可
达 79.06%。同时，对 Ni/HUSY 进行了扫描电镜（SEM）、透射电镜（TEM）、物
理吸附、化学吸附等一系列表征，以进一步明确催化剂在反应过程中的作用机理、
探明影响反应过程的关键因素。 
在对模型化合物的加氢脱羰行为进行全面分析后，以小球藻油脂为原料，在
Ni/HUSY 催化下经加氢脱羰反应制备烃类生物柴油。实验结果表明，当原料与
催化剂的质量比为 2:1，在 325 ºC，5 MPa H2气氛下反应 5 h 所得反应效果最佳，
烷烃总得率可达 70%。此外，还进一步研究了以小球藻藻粉为原料直接制备烃类
燃油的可行性。 
综上，本文以自主培育的小球藻为研究起点，开发了一整套包括藻种培养、
油脂提取、镍基催化剂制备等过程的综合方案，最终将小球藻油脂转化为高品位
烃类燃油。该工艺对微藻基烃类燃油的研究与产业化提供了丰富的理论与技术支
持。 
关键词：微藻 烃类燃油 非贵金属催化剂 脱羰 加氢脱氧 
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Abstract 
Biomass resources is one of the most important renewable resources with a wide 
variety, numerous reserves, extensive distribution and a variety of applications. As a 
liquid fuel derived from biomass resources, biodiesel with similar properties to 
petroleum diesel is a value-added energy product and could make up for the shortage 
of petroleum diesel. Thus, biodiesel has received great attention in recent years. 
Traditional biodiesel is prepared by flora and fauna oil by esterification, which 
composes of fatty acid methyl ester with high oxygen content, low calorific value and 
corrosivity and strongly limits the industrialization of biodiesel. Therefore, converting 
the oil into hydrocarbon fuel via catalytic hydrogenation is a promising solution. 
Hydrocarbon fuel is consist of mixture of hydrocarbon which carbon chain length 
ranges from 18 to 22. Hydrocarbon fuel has almost the same physicochemical 
properties with petroleum diesel that is an excellent substitution for petroleum diesel 
and has a great application prospect. However, the hydrodeoxygenation process of 
biodiesel consumes large amounts of H2, hence, decarbonylation process which 
effectively reduces H2consumptionis worth further studying. 
Among the abundant biomass resources, microalgae as a kind of biomass with a 
high photosynthetic efficiency and low land occupation is an ideal feedstock for the 
production of hydrocarbon fuel. Therefore, Chlorella sp. was selected as candidate in 
our thesis, and different light intensities and nutrient conditions were studied to provide 
the optimized cultivation conditions for Chlorella sp.. Then the algae oil and palmitic 
acid as the model fatty acid of Chlorella sp. were adopted for the preparation of 
hydrocarbon fuel via decarbonylation. 
Firstly, various light intensities (80, 160, 240 and 320 mol/m2s) and different 
mediums including control medium (CM), N/P rich medium (NPM), N rich medium 
(NM), and P rich medium (PM) were used for the cultivation of Chlorella sp. to study 
their influence on lipid content and composition. It was revealed that high light intensity 
would increase the lipid content, while excess N, P would reduce the lipid accumulation. 
Therefore, a lipid content up to 30% with a TFA content of 10% in CM were obtained 
under the light intensity of 320 mol/m2s. 
Secondly, a non-noble catalyst Ni/HUSY was prepared by impregnation method. 
Ni/HUSY was applied for the production of alkanes from algae oil by decarbonylation. 
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To simplify the reaction system, palm acid as the model compound of microalgae oil 
was converted to hydrocarbon catalyzed by Ni/HUSY via decarbonylation. Meanwhile, 
we comprehensively studied the effects of reaction medium, reaction temperature, 
reaction time and feedstock dosage on the production of alkanes. The optimum 
conditions for the production of alkanes from palm acid were: 325 °C, 4 MPa H2, the 
mass ratio of palm acid to catalyst was 4:1, the Ni loading of Ni/HUSY was 10 wt% 
and the reaction time was 5 h. Under the reaction conditions mentioned above, the 
conversion of palm acid was 100%, and the yield of alkanes was 79%. Ni/HUSY was 
characterized by scanning electron microscopy(SEM), transmission electron 
microscope (TEM), X-Ray diffraction (XRD) to investigate the reaction mechanism of 
the reaction. 
Based on the analysis of the decarbonylation process of palm acid above, 
microalgae oil was adopted as feedstock and catalyzed by Ni/HUSY to produce alkanes. 
It was verified that the best reaction conditions were: 325 °C, 5 MPa H2, the mass ratio 
of lipids to catalyst was 2:1, the Ni loading of Ni/HUSY was 10 wt%, 5 h, the yield of 
alkanes could come up to 70%. Additionally, the feasibility of direct alkane production 
from microalgae powder was studied. 
In conclusion, the integrated research covered the cultivation of Chlorella sp., oil 
extraction, preparation of Ni-based catalysts, by which Chlorella sp. crude oil was 
transformed to hydrocarbon fuel. The process provides supplementary theories and 
technical supports for further study and industrialization of microalgal based 
hydroncarbon fuel. 
Keywords: microalgae; hydrocarbon fuel; non-noble metal catalyst; decarbonylation; 
HDO 
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